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Canonical Wnt signaling, below the Fz/LRP receptor
complex, induces the stabilization of b-catenin via an
unresolved mechanism. A recent study inGenes & De-
velopment introduces a new player and deepens our
understanding of this signaling relay that plays pivotal
roles during embryogenesis and tumorigenesis.
Wnt proteins play critical roles during embryonic de-
velopment, controlling diverse processes including
cell fate determination, proliferation, and motility. These
functions control establishment of the primary axis
and generation of the body plan during embryogenesis
(Logan and Nusse, 2004). In addition to regulating de-
velopment, defects in Wnt signaling are implicated in
tumorigenesis and human birth defects including spina
bifida (Logan and Nusse, 2004; Wallingford and Habas,
2005). It is therefore no surprise that great efforts are
placed on delineation of the mechanisms of Wnt
signaling.
A molecular signaling pathway of Wnt signaling con-
tinues to emerge (Figure 1). Upon the binding of Wnt
to a receptor complex comprising of Frizzled (Fz) and
LRP5/6 (He et al., 2004), a signal is transduced to the cy-
toplasmic phosphoprotein Dishevelled (Dvl) by an as yet
unidentified mechanism. At the level of Dvl, three inde-
pendent pathways of Wnt signaling become apparent,
a ‘‘canonical,’’ a ‘‘noncanonical’’ or ‘‘PCP,’’ and a ‘‘Wnt/
Ca2+’’ pathway (Wallingford and Habas, 2005).
For canonical signaling, which acts in axis formation,
Wnt signaling induces the stabilization of cytosolic b-
catenin (b-cat). In the absence of Wnt signaling, b-cat
is phosphorylated by casein kinase 1 (CK1) and glyco-
gen synthase kinase 3b (GSK3b) and targeted for degra-
dation by b-TrCP and the proteosomal machinery (He
et al., 2004). Wnt-mediated inhibition of b-cat degrada-
tion allows its cytoplasmic accumulation and subse-
quent nuclear translocation. In the nucleus, b-cat com-
plexes with the Lef/Tcf family of transcription factors
and induces transcription of Wnt-target genes (Logan
and Nusse, 2004). For simplicity, the two other Wnt
signaling branches will not be discussed here.
While over two decades of studies have and continue
to advance our understanding of the Wnt signal trans-
duction cascade, many questions remain. In particular,
how the signal is generated from the Fz/LRP5/6 com-
plex to the individual signaling branches remains un-
clear. For canonical signaling, studies now point to an
inhibition of Axin function as a likely mechanism. Axin,
a potent negative regulator of signaling, interacts with
LRP5 in a Wnt-stimulated manner (Mao et al., 2001;
Zeng et al., 1997), and recent studies have uncovered
that LRP6 is dually phosphorylated by CK1 and GSK3,
which promotes the binding of Axin. The interaction of
LRP5/6 with Axin somehow suppresses Axin’s function,either by sequestration and/or induction of its degrada-
tion (Cadigan and Liu, 2006). But Axin itself has been
shown to cycle between the cytoplasm and nucleus,
and how Axin is trafficked to the membrane to bind
LRP5/6 has remained mysterious (Cadigan and Liu,
2006; He et al., 2004).
Along comes a new player that may serve this role.
Studies by Chen and colleagues have identified microtu-
bule actin crosslinking factor 1 (MACF1) as a new com-
ponent of the canonical Wnt pathway (Chen et al.,
2006). MACF1 belongs to the spectraplakin family of pro-
teins, which also includes bullous pempigoid antigen 1
(BPAG1), and these factors function to link the cytoskel-
eton to membrane-associated junctions (Roper and
Brown, 2003). Mutant studies of the MACF1 homolog re-
veal a role for this protein in a number of physiological
processes including epidermal integrity and axonal out-
growth in Drosophila and for body elongation and mor-
phology in C. elegans. In vertebrates, MACF1 is highly
expressed in the nervous system and is localized to sites
of cell-cell contact (Kodama et al., 2003), but its in vivo
role has remained veiled. Now the generation and analy-
sis of MACF1 knockout mice has lifted this veil.
MACF1 heterozygous mice developed normally while
homozygous knockout mice died during early gastrula-
tion, lacking a primitive streak, node, and mesoderm,
a phenotype highly suggestive of a role in posterior
development. Interestingly, while BPAG1 and MCAF1
appear to be coexpressed in similar patterns during de-
velopment, BPAG1 knockout mice have only sensory
neuronal defects. This uncovers distinct in vivo roles
for BPAG1 and MCAF1 with likely no functional redun-
dancy. The MCAF12/2 knockout phenotype is highly
reminiscent of that of Wnt32/2 and Lrp5/62/2 knockout
mice, prompting the authors to hypothesize and test for
a role of MACF1 in Wnt signaling. Using coimmunopre-
cipitation assays, the authors demonstrate that MACF1
was found in a cytosolic complex with Axin, GSK3b, b-
cat, and APC, and they show that depletion of MCAF1
in culture cells inhibited canonical Wnt signaling and in-
creased cytosolic levels of Axin. Interestingly, MCAF1
was observed to translocate with Axin to the plasma
membrane in a Wnt-dependent manner, and both wild-
type and a dominant-negative form of MCAF1 can bind
to LRP6 and Axin simultaneously.
Together, these findings position MACF1 as a compo-
nent of canonical Wnt signaling, but how does MACF1
function? The spectraplakins had been shown to local-
ize to adherens junctions and have been proposed to
link the cellular cytoskeleton to these points of attach-
ment. Furthermore MACF1 had been shown to decorate
actin and microtubules, suggesting a ‘‘cytoskeletal’’
function. Now MACF1 is shown to bind important com-
ponents to the canonical Wnt pathway, including Axin
and LRP6, and depletion of MACF1 prevents the mem-
brane relocalization of Axin (Chen et al., 2006). These
findings raise the hypothesis that MACF1 provides a
link to the microfilament network and perhaps uses
this network for cytosolic to membrane translocation
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139Figure 1. A Schematic Representation of the
Canonical Wnt Signal Transduction Cascade
(A) In the absence of Wnt ligand, a complex of
Axin, APC, GSK3-b, CK1, and b-cat is located
in the cytosol. b-cat is dually phosphorylated
by CK1 and GSK3-b and targeted by b-TrCP
for degradation by the proteosomal machin-
ery. MACF1 is now identified as a new mem-
ber of this cytosolic complex.
(B) With Wnt stimulation, signaling through
the Fz receptor and LRP5/6 coreceptor com-
plex induces the dual phosphorylation of
LRP6 by CK1 and GSK3-b, and this allows
for the translocation of a protein complex
containing Axin from the cytosol to the
plasma membrane. Dvl is also recruited to
the membrane and binds to Fz, and Axin
binds to phosphorylated LRP5/6. MACF1 is
required for the membrane translocation of
Axin and also interacts with both LRP5/6 and Axin simultaneously. This complex formed at the membrane induces the stabilization of b-cat
via sequestration and/or degradation of Axin by an as yet identified mechanism. b-Cat translocates into the nucleus where it complexes with
Lef/Tcf family members to mediate transcriptional induction of target genes. Note that the study by Chen and colleagues observes that APC
does not translocate to the plasma membrane along with Axin and MACF1, and whether Dvl interacts with MACF1 was not reported.of the multiprotein complex that includes Axin. It has
been elegantly shown that Dvl, another component
that binds Axin and relocalizes to the plasma mem-
brane, can bind actin and also uses microtubule arrays
during cortical rotation for establishing the future dorsal
side of the embryo (Miller et al., 1999; Wallingford and
Habas, 2005). It is thus not far fetched to posit that
MACF1 may be a guide for translocation along these
networks, and a detailed analysis of MACF1 membrane
translocation may provide these answers. An addi-
tional point is that the MACF1 appears not be involved
with the induced targeted degradation of Axin, sug-
gesting that additional proteins required for this may
be found in this MACF1/Axin/GSK3/LRP5/6/CK1 mem-
brane complex.
However, one perplexing question that remains is
why analysis of MACF1 orthologs in the worm or fly
did not uncover a Wnt phenotype. This would be ex-
pected considering the strong penetrance of the pheno-
type of the mouse knockout, but these findings will no
doubt stimulate further studies to address this.
The identification of the full spectra of components re-
mains pivotal for our understanding of the mechanisms
of Wnt signaling. There are many gaps in our understand-
ing of the mechanisms of this signaling relay, but the
identification of MACF1 and likely additional players
that will remove these gaps should not be unexpected.Raymond Habas1
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